The enthalpies of solution of cyclohexanol, cis-1,2-cyclohexanediol, and myo-inositol in water, formamide, and dimethylsulphoxide at T = 298.15 K as well as their enthalpies of vaporization or sublimation were determined. The enthalpies of solvation were calculated from the data obtained. The contributions of the polar and non-polar groups to the behaviour of the solute molecules in polar solvents are analysed by using the enthalpy of solvation data.
Introduction
A large number of non-electrolytes are made up of molecules containing polar and nonpolar groups. The behaviour of these compounds in solvents depends, in a complex way, on the solute and solvent nature as well as on the preponderant polar or non-polar part.
Besides contributing to a general understanding of molecular interactions of non-electrolytes with solvents, studies of this type are important in biochemistry as many compounds of biological interest belong to this class of solutes. Data on the solvation of similar solutes, differing only in the ratio of polar to non-polar groups in various solvents, provide an insight into solute-solvent interactions.
The enthalpy of solvation solv H m of cyclohexanol, cis-1,2-cyclohexanediol, and myoinositol in polar solvents are presented here. Water (W), formamide (FMD), and dimethylsulphoxide (DMSO) were used as solvents. All solute molecules have cyclohexyl rings which differ from each other only by the number of hydroxyls attached to them. The solvents were selected with the aim of evaluating the effect of their molecular features on solvation, and in particular, for comparing the behaviour of solvent water with that of other polar liquids. 
Experimental
The water used in the preparation of the solutions was obtained from a Millipore purifier (ASTM type I). Formamide (Merck, pro analysis, mass fraction > 0.995) was purified by vacuum distillation. Dimethylsulphoxide (Merck, pro analysis, mass fraction > 0.995, water mass fraction < 3·10 −4 ), cyclohexanol (Merck, for synthesis, mass fraction > 0.99, water mass fraction < 2·10 −3 ), cis-1,2-ciclohexanediol (Aldrich, mass fraction 0.99), and myoinositol (Merck, for biochemistry, mass fraction > 0.99) were used without further purification. The water mass fractions in formamide and in dimethylsulphoxide were determined using the Karl Fisher method and were found to be (1.9 ± 0.3)·10 −3 and (4.6 ± 0.3)·10 −4 , respectively. The densities of the compounds that are liquid at T = 298.15 K were determined using a vibrating-tube densimeter and the resulting values are presented in table 1. In this table, the melting temperatures of the compounds, which were determined by d.s.c., are also included. As can be seen from table 1, the present values are in close agreement with the literature ones.
Solution calorimetric determinations were performed with a C-80 SETARAM mixing calorimeter. A standard reversal mixing cell supplied by the manufacturer was used. In order to avoid contamination by air moisture, the cell assembly was always carried out in a dry nitrogen box. The upper limit of the molality of the solutions obtained was (0.4 to 0.5) mol·kg −1 unless the solubility limited the experiments to a lower concentration range. The experiments were performed at T = 298.15 K except for those involving cyclohexanol, which were carried out at T = 300.15 K. The calorimeter calibration was carried out electrically, and the calorimetric procedure was tested chemically by measuring the enthalpy of solution of potassium chloride in water. For this system, we obtained sol H m (0.1110 mol·kg −1 ) = (17.63 ± 0.06) kJ·mol −1 as an average of seven determinations. This result compares well with the literature value sol H m (0.1110 mol·kg −1 ) = (17.584 ± 0.017) kJ·mol −1 . (17) The equipment used for determining the sublimation and vaporization enthalpies consisted of a calorimetric block to which a vacuum system capable of attaining a vacuum of about p = 1·10 −4 Pa was connected. The values quoted for the enthalpy of sublimation, or vaporization of each substance are the mean of the results of seven runs. The details of the experimental procedure used here were described elsewhere. (15) The enthalpy of solvation was determined from the values obtained for the enthalpy of solution and the enthalpy of sublimation, or vaporization according to the equation:
For liquid solutes sub H m becomes vap H m . As sub H m and vap H m were determined at a temperature different from T = 298.15 K, heat capacity data for the gas C g p,m and solid, or liquid phases C * p,m were needed to convert the experimental results to the reference temperature. Except for cyclohexanol, no heat capacity data are available for the compounds considered in this work. However, for this substance, no correction was needed since the temperature at which the experiments were performed was close to the reference.
The heat capacity of solid myo-inositol and cis-1,2-cyclohexanediol were determined by using a Perkin Elmer DSC7 instrument. Aluminium pans of 40 µl were employed and temperature increments of 3 K were imposed at a scanning rate of 2 K·min −1 . The mass of the sample and reference material (α-aluminium oxide) used in each experiment was about 20 mg. The reported results are the mean of seven determinations carried out on the sample and reference material alternately. The heat capacity in the gas phase was calculated by using group-contribution methods. (18, 19) 
Results
The results of the enthalpies of solution are presented in table 2, and those of the heat capacities of the diol and inositol in the solid and gas phases are presented in table 3.
The standard enthalpy of sublimation sub H o m at T o = 298.15 K was calculated by using the expression:
where T is the temperature of the experiment. As can be seen from the results given in table 3, the difference between the heat capacities of the gas and solid phases is, for both compounds, a linear function of temperature, and can therefore be expressed as:
where a and b are parameters whose values were determined by linear regression and are presented in table 4. By inserting equation (3) into (2), the following expression for the enthalpy of sublimation at the reference temperature T o is obtained:
The values of the enthalpy of sublimation or vaporization of the solute substances and their respective standard values are presented in table 5. The sublimation enthalpy of myo-inositol was determined by Barone et al. (16) and by de Wit et al. (20) from the temperature coefficient 
Discussion
It has been shown that interaction between non-polar groups can lead to molecular association even in a dilute solution. Although aqueous solutions have been by far the most extensively studied systems, (23, 24) solute association has also been observed in other solvents. (25) The hydroxyls can contribute to molecular association through hydrogen bonding. (26) (27) (28) Thus, for the solutes studied here, molecular association can take place through polar or non-polar molecular interaction.
Inositol in DMSO is the only system for which no significant variation of sol H m with molality is noted. For all the others, the enthalpy is molality dependent. Among all solvents, water gives rise to larger variations of sol H m with molality.
For cyclohexanol, the less polar solute among those studied in this work, the slope of the sol H m against m curves is positive in water and negative in organic solvents. For myo-inositol, the more polar solute, a negative slope is observed in water and a positive one in other solvents. Cyclohexanediol shows some sort of intermediate behaviour between the two other solutes.
The heat of dilution of a large number of aqueous solutions of non-electrolytes has been measured and the pairwise enthalpy coefficients calculated. (29) (30) (31) The signs of these coefficients are in agreement with those found for the slopes of sol H m against m presented above. The values of the enthalpy of solvation of cyclohexanol and cyclohexanediol in water are more negative than those observed in the other solvents. For myo-inositol, no significant difference is observed for solv H ∞ m in all solvents. It is well established that solvation of non-polar solutes in water occurs with negative entropy and enthalpy, and positive heat capacity and Gibbs energy. These results have been interpreted on the basis of molecular terms as arising from an increase in the structural organization of the water around the solute non-polar groups. (32) However, the interpretation of results observed for the thermodynamic properties of non-polar compounds in water still remains an open question. (33) The results obtained for the enthalpy of solvation show that this thermodynamic property can be used to derive information on both the polar and the non-polar parts of the solutes. It is therefore a useful property for studying solvation. However, its molecular interpretation is not an easy matter and will be the subject of a forthcoming paper.
